Abstract. In order to define more effective predictive markers for clinical management and prognosis, we evaluated the expression of cyclin D1 and survivin in large papillary thyroid carcinoma (LPTC) and microcarcinoma (PTM). Sixty-seven patients operated for papillary carcinoma (36 of which with PTM) were considered. Immunochemistry for cyclin D1 and survivin was performed in samples from tumor mass and nodal metastases. There were not significant differences between LPTC and PTM as to patients personal data, TNM or MACIS staging, nodal invasion and multifocality, while capsular invasion was significantly more frequent in LPTC. Cyclin D1 and survivin were expressed at a very high rate and almost to the same extent in LPTC and PTM, both in tumoral mass and in nodal metastases. Survivin showed only cytoplasmic expression. Cyclin D1 and survivin over-expression are probably early events in tumorigenesis of thyroid papillary carcinoma but their full role in the process of tumor progression and their clinical value are still to be investigated.
Introduction
A papillary thyroid microcarcinoma (PTM) is defined by WHO as a tumor ≤1 cm, but this morphological definition does not cope with a distinct clinical behaviour and an agreed clinical management. Despite the common belief of a low malignancy of PTM, mainly based on the high rates of clinically silent microcarcinoma found in autoptic series (1) , and the subsequent use of limited surgical excision (2) , some authors suggest that the treatment of PTM should not be different from the treatment of patients with conventional thyroid carcinoma (3-7), while others did not find differences independently of the primary treatment (8) .
In order to define more effective predictive markers for clinical management and prognosis, many researchers focused on biologic and genetic features of thyroid tumors, with the aim of correlating them with aggressiveness and outcome. Some authors have recently associated mutations in genes that control the cell cycle, the cellular proliferation or apoptosis with morphology and prognosis of thyroid cancer. A correlation between over-expression of cell cycle genes Ki67 and clinical parameters, such as age or capsular invasion, has been found in papillary carcinoma (9) . Cyclins and their associated cyclin dependent kinases are the central machinery that control cell cycle progression. Up-regulation of the cyclin D1 proto-oncogene has been indicated as a marker predicting an increased risk of metastasis in PTM (10) . Increase of cyclin D1 and of the anti-apoptotic protein survivin contributes to cell survival and proliferation in lung cancer cells (11) . Moreover, a link has been reported between the expression of survivin and dedifferentiation of thyroid carcinoma (12) .
The aim of our study was to evaluate whether cyclin D1 and survivin are expressed in a similar way in PTM and in large papillary thyroid carcinoma (LPTC), if they could be considered as predictive markers of metastases and if their expression is linked to known morphologic features of tumor aggressiveness.
Materials and methods
We considered 67 patients operated at our Department in the last two years, who had a diagnosis of papillary thyroid carcinoma. Thirty-six of them (53.7%) were PTM. There were 30 women and 6 men, with a mean age of 49.9±11.1 (range 2-70) years, while the remaining 31 were 24 women and 7 men, with a mean age of 48.0±14.8 (range 20-75) years. The size of PTM was from 2 to 10 mm (mean 6.4±2.6 mm) while that of LPTC was from 11 to 50 mm (mean 21.8±11.3 mm).
Patients were staged according to TNM 2002 by UICC and MACIS scoring system (Metastases, Age, Completeness of resection, Invasion, Size) (13) . Thirty-four out of 36 patients with PTM had a total thyroidectomy, while 2 underwent lobo-istmectomy, completed to a total thyroidectomy with re-operation after pathological diagnosis. All patients with LPTC underwent total thyroidectomy. All patients >45 years or with multifocal PTM underwent I131 radiotherapy and Immunohistochemistry. Formalin-fixed paraffin-embedded tissue sections 3 μm thick were dewaxed in toluene and rehydrated through graded alcohols to water. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide. Primary monoclonal antibodies for cyclin D1 (Dako Corp. A/S, Gloustrup Denmark, clone DCS-6); pan-cytokeratin (clone C-11 Sigma, Saint Louis, MO, USA); survivin (IgG fraction of antiserum developed in rabbit, Sigma) were used at dilutions respectively of 1:100, 1:800 and 1:500, overnight at room temperature. Slides were then washed in PBS and secondary incubations were carried out using peroxidase conjugated secondary antibodies. Slides were counterstained with hematoxylin and eosin. Negative controls replaced primary antibodies with normal human serum.
Evaluation of immunohistochemical results.
Immunoreactivity was independently assessed by two of the authors (S. Natalizi and C. Della Rocca), the results were compared and an agreement was reached on conflicting evaluation. Cyclin D1 and survivin expression was graded on the basis both of the intensity of staining within the tumor cells and the percentage of positive cells within each tumor. Only nuclear staining for cyclin D1 was considered to be a positive expression, while isolated cytoplasmic staining was ignored. Both nuclear and cytoplasmic subcellular localization was instead considered for survivin. The intensity of nuclear staining was graded from 0 to 3 as it follows: grade 0, absence of staining; grade 1, faint staining (requiring high power assessment); grade 2, moderate staining (easily appreciated at low power); and grade 3, intense staining. Grades 2 and 3 were considered as positive. We graded the distribution of positive cells in tumors that stained for cyclin D1 and/or survivin as follows: focal staining in <10% of tumor cells; widespread staining in 10-50% of tumor cells; and grade 3, diffuse staining in >50% of tumor cells.
Statistical analysis.
Fisher's exact test and χ 2 test were used to evaluate the strength of association between variables, Student's t-test to compare means. Data were stored and analysed by Epi-Info software, by WHO.
Results
Clinicopathological data. There was not significant difference between PTM and LPTC groups as to patients personal data, TNM or MACIS staging, nodal invasion and multifocality, while capsular invasion was significantly more frequent in LPTC (Table I) .
Cyclin D1 and survivin expression. Cyclin D1 and survivin expression were strongly correlated in all patients. We observed a nuclear staining for cyclin D1 with an intensity of grade 2 to grade 3 in all examined LPTCs and in 61.1% of PTMs (Fig. 1) . The number of positive cells ranged from widespread to diffuse in most of the samples. Nodal metastases were always positive in terms of nuclear staining intensity, but in some cases the number of positive cells was lower than in the primary tumors (Tables II and III, Fig. 2 ).
Immunoreactivity for cyclin D1 was always related to the neoplastic cells, as was confirmed by the expression of Table I . Comparison between personal, clinical and pathological features of papillary thyroid microcarcinoma (PTM) and carcinoma of larger size (LPTC). 
cytokeratin (not shown), that was never seen positive in any of the fibrovascular cells. Normal thyroid follicular cells of the healthy lobe and from the area surrounding the tumor did not express cyclin D1. Survivin was also positive both in PTM and LPTC, as well as in nodal metastases (Tables IV and V, Figs. 3 and 4) . The staining was not usually homogeneous but it was more intense in the peripheral part of the tumor and less intense in the cells from the central part of neoplastic mass. Immunoreactivity was concentrated in areas that were positive for cytokeratin, confirming that stromal or blood elements did not express survivin. The positivity was intracellular, almost only cyto-plasmic and often bordering Table II . Expression of cyclin D1 in papillary thyroid microcarcinoma (PTM), large papillary thyroid carcinoma (LPTC) and nodal metastases. 
a -------------------------------------------------Cyclin D1 Cyclin D1 positive (%) negative (%) -------------------------------------------------

) -------------------------------------------------
a Grades 2 (moderate staining easily appreciated at low power) and 3 (intense staining) of intensity were considered positive. Table III . Number of positive cells for cyclin D1 in papillary thyroid microcarcinoma (PTM), large papillary thyroid carcinoma (LPTC) and nodal metastases. Table IV . Expression of survivin in papillary thyroid microcarcinoma (PTM), large papillary thyroid carcinoma (LPTC) and nodal metastases. 
-------------------------------------------------
------------------------------------------------- Focal Wide Diffuse (<10%) (11-50%) (>50%) ------------------------------------------------- PTM 0 14 8 LPTC 3 19 9 Nodal metastases from PTM 0 3 0 Nodal metastases from LPTC 0 4 2 -------------------------------------------------
a -------------------------------------------------Survivin Survivin positive (%) negative (%) -------------------------------------------------
) -------------------------------------------------
a Grades 2 (moderate staining easily appreciated at low power) and 3 (intense staining) of intensity were considered positive. Table V . Number of positive cells for survivin in papillary thyroid microcarcinoma (PTM), large papillary thyroid carcinoma (LPTC) and nodal metastases.
-------------------------------------------------
Survivin expression was absent in the healthy lobe of the same patient used as a control, and in micro-macro follicular hyperplasia (Fig. 5) while we observed ≤20% of positive cells in peri-tumoral tissues (Fig. 6 ).
Discussion
Apart from the obvious disparity in size and capsular infiltration, PTM and LPTC did not show any morphologic difference in our series. Furthermore, about 60% of PTMs showed the same profile as LPTC regarding the expression of cyclin D1 and survivin. Although PTM is often described as an indolent precursor of larger thyroid cancers, we observed nodal metastases in both PTM and LPTC and metastatic cells from both types of tumors expressed cyclin D1 and survivin.
Cyclin D1 protein over-expression has been already documented in papillary carcinomas suggesting that it could be related with clinical and pathological parameters and that it could constitute a prognostic factor (10) . The expression of cyclin D1 in microcarcinomas has also been reported and its over-expression predicts metastatic behaviour (14) . We have confirmed that cyclin D1 is expressed in cells from PTM and LPTC and we found that it is over-expressed in nodal metastasis as well. Moreover, we showed that cyclin D1 overexpression is correlated with the expression of survivin.
Survivin is a bifunctional protein that acts as a suppressor of apoptosis and plays also a central role in cell proliferation. It is strongly expressed in many common cancers (15) , in follicular thyroid carcinoma (16) and it has been recently linked to the de-differentiation of thyroid carcinoma (12) . Ito et al observed mainly nuclear expression of survivin, while in our cases we detected only cytoplasmic staining. It has been suggested (17) that cytoplasmic presence of survivin is related to its anti-apoptotic role and thus to cell survival, while nuclear expression is associated to an increased proliferative activity and possibly to more advanced stages of cancer, even if this assumption is still debated (18) . We hypothesize that survivin cytoplasmic expression is associated with early phases of carcinogenesis and its expression in nodal metastases does not necessarily contradict this hypothesis. Usually only a small subset of tumor cells accumulates the traits which are needed to produce metastases and the metastatic phenotype is not necessarily related to the size of the primary tumor (19) . Papillary thyroid cancers are often characterised by a long indolent course, during which probably various kinds of mutations take place, not necessarily in a mandatory sequence; so we hypothesize that in our cases mutations that are responsible for the metastatic phenotype arose at the same time as those responsible of the survivin and cyclin over-expression. Staining for survivin was more intense in the peripheral part of the tumor and less intense in the cells from the central part of neoplastic mass. This finding could be explained by the fact that cells in the peripheral part of a tumor are those likely to be more active (20) . This is compatible with the cancer stem cell theory, in which only the stem cells carry the mutations responsible for survival and progression and they are kept in the more vascular areas of the tumor where more cytokines and growth factors are available. The same mechanism could also explain the faint focal positivity we observed in peritumoral tissues.
In our study survivin also acted as a useful morphologic marker to identify small nodal metastases, even in those patches where cytokeratin positivity was too feeble to be appreciated. Molecular basis of metastasis are poorly understood, researchers have been trying to compare gene expression profiles in primary tumors and metastasis of many human cancers in order to understand why some tumors metastasize early and some others remain clinically silent for years. This latter is often the case in thyroid papillary carcinoma. The study of survivin and its biological roles could contribute to the understanding of thyroid tumorigenesis. Moreover, the higher expression of both cyclin D1 and survivin in tumor tissues than in normal tissue allows to detect single cell transformation and it would be a useful tool in fine needle aspiration samples for an early diagnosis of papillary cancer.
